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Uly6wun U.I'., Pymsanes M.U., Topormmmmaa Y.A., Hemumosa O.0.

BbBIBOP XAPAKTEPUCTHUK AJIA OTOBPA’KEHUA BIIUAHUA
XUMCOCTABA CTAJIN HA ITIOKA3ATEJIN MEXAHUYECKHUX
CBOUMCTB U MUKPOCTPYKTYPbI BBICOKOYIJVIEPOJAUCTOU

KAHATHOM KATAHKHA

TexHonormaeckuii mpouecc NpoOM3BOJACTBA KaTaH-
KU JOJDKEH 00EeCIeYnTh CTaOWILHOCTH BOCTIPOM3BOJ-
CTBA 3aJJAHHOI0 KOMIUIEKCa NOKa3areJiel KauecTBa Mpu
€€ MacCOBOM M3TOTOBJIEHUH. /|11 JOCTWKEHUS yKa3aH-
HOU LIeJIM Ba)KHOE 3HAYEHHE MMEET MOJEIIb B3aUMOCBSI-
3W TIOKa3aTeJle KadecTBA C TEXHOJIOTMIECKHMH (hax-
TOpaMHU IIpolecca, MNOCTPOCHHE KOTOPOM BKIIFOUAET
pa3paboTKy CHCTEMBI YPaBHEHHH PETPECCHN.

Kommneke nokasaTeneil kauecTBa BBICOKOYIJIE-
POAMCTON KaHATHOW KATaHKU BKJIIOYAET XapaKTepu-
CTHKM MEXaHHYECKUX CBOWCTB (OTHOCHTEIbHOE CY-
KEHHUEe \J, OTHOCHUTEIIbHOE YIJIUHEHHE O19, BPEMEH-
HOE CONPOTHBIICHUE Pa3pbiBY Gp) U MHKPOCTPYKT Y-
pbl (KOJTMYECTBO IUIACTHHYATOrO mepiaura 1 Gamia
By, BenmumHa 00€3yTiiepoKeHHOTO Ciiost Aco). Kak
mBecTHO [1, 2 u ap.], Kk pakTopaM, BIUSIONAM Ha

M3MEHEHHUE TOKa3aTejeld KayecTBa, U B TOM YHUCIC
YKa3aHHBIX, OTHOCATCS TeMIEPAaTypHBIH U CKOPOCT-
HO¥ Pe’KMMBbI MPOKATKH, PSKUM HATPEBA 3arOTOBOK
U OXJIAXKIICHUSl TOTOBOM KATaHKH, CTIOCO0 BBITUIABKU
Y pa3jUBKH CTAJH, & TAKXKE €€ XUM UYECKUIl COCTAB.
HeobxoauMocTh yueTa XMMCOCTaBa CTald Kak
(akTopa CBOWCTB MpOKAaTa YCIOXKHIET 3a/1auy, T. K.
OHUM U3 YCIIOBH 00eCTIeUeHMs BHICOKOH TOYHOCTH
MHOKECTBCHHOU aMMpPOKCHUMAIUU SIBISIETCS OTCYT-
CTBHUE KOPPEJSIUA MEKIY MapamMeTpaMu, BKIHOUE H-
HeIM U B ypaBHe Hue [3]. OnHAKO Ha MPaKT UKe MEXIY
MAaCCOBBIMH JOSIMH Pa3Jind HbIX 3JIEMEHTOB CYIIe-
CTBYIOT 3HA4YMMbIC KOpPPEISILMOHHBIC CBs3M. Tak,
IUISE KaTaHKY W3 CTaJH, moryde HHoi criocobom JICA
(MapTeHOBCKasl Tieub), HaOMoMaeTCs 3HaUnMasl Kop-
pemsinust (Tabn. 1) BpeMeHHOro COMPOTUBJICHUS pa3-

Tabnuua 1

MaTtpuua koppensuMm Ans KaTaHKK, NPOKAaTaHHOW U3 CTanu, nony4eHHoi cnocodom [ICA

C Si [Mn| S P [ Cr| N |Cul| N

Ti|]A [Mo|V [W] |8 ] y [col[B”

Ccl1

Si 0,164 [1

Mn [0,020 |-0,066(1

S |-0,257(-0,330{0,276 |1

P |-0,258|-0,074{-0,0670,258 | 1

Cr |-0,233]-0,035/-0,248{0,120 {0,239 |1

Ni 0,066 |0,064 {0,050 {0,019 -0,014(0,244 |1

Cu 0,002 {0,164 [-0,083]-0,042|0,150 (0,112 | 0,466 |1

N, 10,069 |-0,006{0,177(0,111]0,086 {0,030 [0,138]0,203 |1

Al10,035 [0,206 0,072 ]-0,138-0,095/-0,074/0,058 {0,006 [-0,149] 1

Ti [0,269 0,374 |-0,218/-0,450(-0,044/-0,052|-0,038]-0,104]-0,159(0,218 |1

As [-0,109]-0,200/0,077 {0,323 {0,429 |0,106 {0,009 {0,105 |0,257 |-0,245(-0,151]1

Mo [0,068 |0,060 [-0,112|-0,295|-0,094/-0,048|-0,062{-0,088]-0,173]0,106 | 0,448 [-0,095(1

V{0,190 |0,125 |-0,217|-0,299(-0,055|-0,037|-0,071{-0,124]-0,116 0,029 {0,426 |-0,089)0,393 |1

W 10,001 {-0,022]-0,0770,011 |-0,020|-0,038|-0,042|-0,012(-0,021/0,067 0,135 [-0,041/0,679 |0,250 |1

o, [0,82410,202]0,036 |-0,225/-0,166/-0,198]0,0410,015|0,062 {0,043 (0,294]0,037 0,063 |0,239 |-0,008|1

&1, |F0,613]-0,063-0,052{0,125 (0,103 0,115 |-0,057|0,020 |-0,071{-0,092|-0,178| -0,094{-0,080|-0,126| 0,003 |-0,578| 1

v [-0,693(0,077]0,049]0,037 {0,432 (0,008 |-0,113]-0,089|-0,120[-0,009(-0,049}-0,139| 0,008 |-0,032({0,004 |-0,554|0,602 | 1

A, [-0,162]-0,051)0,012 {0,4320,073 {0,026 |0,009 [0,071 {0,042 |-0,143|-0,010/0,063 [-0,057(-0,068|-0,028-0,202/0,024 {0,044 |1

b [0,36610,031 -0,013]-0,090]-0,169{-0,183| -0,033|-0,184{-0,122| -0,024]0,135 | -0,077{0,143 |0,000 {0,060 10,297 |-0,222]-0,219(-0,129 1

Mpumedannsi 1.4ucno HabnogeHwi n=618.

2. MyHMMarbHbIN CTaT UCTUYECKM 3HAYMMBIN KOSULIMEHT KOPPETALIMM C AOBEPUTENbHOA BEPOSTT HOCT bio 99,9% rmin=0,132.
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PBIBY C VIJIE PO OM, KpeMHHEM, cepoil, dhocdopom,
XpOMOM | THTaHOM. B To ke BpeMst MaccoBast oI,
HaIIpUMep XpoMa, MMeeT CTAaTHUCTHIECKH 3Ha4dUMBbIe
CBA3M C JOJSIMH yriiepoja, MapraHma u Qocdopa.
Jns KaTaHKM W3 CTalH, TOJyYeHHOH crmoco0oM
JICII (pmexTpocTajiemiaBiibHbIA arperar), Kojiude-
CTBO TUIACTHHYATOTO Tepiura 3aBucur (Tabn.2) or
comepxaHua yriepoaa, docdopa U amoOMHUHUA, a
MaccoBas JOJIS TOCNIeTHEr0 MMEeT 3HaYMMYIo KOop-
PEISIIHIO ¢ TOMSIMU | yIiie pofaa, u ¢oc dopa.
[Ipobnemy 3HAUMMON KOPPENAILUHN MEXIy Hapa-
MeTpaM¥, BKJIIOYa€MBIMH B ypaBHEHHE MHOXECTBEH-
HOHM perpeccuy A OTOOpa)KeHWsS BIMSHHA XHMCO-
CTaBa Ha CBOMCTBA TIPOKaTa, MOXKHO TPEOOIETh
NpUMEHEHIEM TaK Ha3bIBAEMOTO YIIIEPOJHOTO IKBU-
BaJIcHTa. Y TJICPOIHBIN SKBUBAJCHT SIBIAETCS, IO CY-
HIeCTBY, KOMIUIEKCHOM XapaKTEpUCTHKON XuMcocTa-
Ba, KOTOpas OJHUM YHCIOM XapaKTepH3yeT BIISIHHUE
Cpa3y HECKOIBKHX O3JIEMEHTOB. lIpnMeHHTEnbHO K
NPOM3BOJICTBY KaTaHKU B nureparype [4-7] ymomu-
HAIOTCS CJENYIOUIME yIriIepoaHble SKBUBAJIC HTHI:

C.,.=C + Mn/5; (1)

C,,=C+Mn/5+Si/7+(Cr+Ni+Cu)/12; (2)
C,3=C +Mn/6 + Si/24 + Cr/5 + N/40 +

+Cu/13 +V/14 + P/2; (3)
Cyu=C+Mn/6+(Cr+V +Mo)/5+

+(Cu + Ni)/15; 4
C,s=C+ Mn/6 + Si/10; (5)
Cyx=C+0,3*Mn +0,12. (6)

KoMIuiekcHasi XapaKTEpUCTHKAa XWMCOCTaBa B
BUE YIJEPOMHOTO DSKBHUBAJCHTA WIN MO00HOTO
eMy MOKa3aTeNs MOJDKHA BKJIOYATh TE 3JIEMEHTHI,
KOTOPbIE 3HAYMMO BIIHMSIOT HA M3y4aeMOe CBOHCTBO
npokata. C 3T0¥ TOUKM 3peHust B mokasatemsix (1)—

(6), BO-TIepBBIX, UCTIONIB3YIOTCS DJIEMEHTHI, KOTOPHIE,
Kak cyieqyeT w3 Tabn. 1 v 2, He OKa3bIBAIOT 3HAYNM O-
IO BJIMSIHUSL HA CBOWCTBA U MUKPOCTPYKTYPYy KaHAT-
HOU KaTaHKU. BO-BTOpBIX, B HUX OTCYTCTBYIOT 3Jie-
MEHTBI, BIUSHHE KOTOPBIX MOXHO pacCICHHTh Kak
3HauuMmbIe. J{1si pa3paboTKH allbTePHAT UBHBIX KOM-
IUICKC HBIX XaPaKTEPHUCTHUK XUMCOCTaBa MPUMEHUIIU
noxxox, npemioxkeHusiin B [8]. CyTh ero coctour B
TOM, YTO TaKyK) XapaKTePUCTHUKY ILEJIeCO00pa3Ho
paspabaTeiBaTh Ha OCHOBe mokasartens Heimapxk [9]
C YY4eTOM TOJBKO TeX KOMIIOHEHTOB XHMCOCTaBa,
BIMSHHME KOTOPBIX HA MOKa3aTeId KadyecTBa IIPO-
JYKIMK SIBJSIETCS CTATUCTHYECKU 3HAYMMbIM. B 00-
uieM ciaydae GopMyIty s pacdeTa XapaKTEePUCT KU
Xy BIMSAHHMA XMMCOCTaBa Ha IOKa3aTelabh KayecTBa Y
MOJKHO 3aITUCaTh CIETYIOINUM 00pa3oM:

m X
K=K 7t
i=1 A

rae Xj u Aj — MaccoBast JOIsI U aTOMHBIH Bec 3je-
MEHTa, A1 KOTOPOTO OOHapy)keHa 3HaymMas Kop-
peTSIIMOHHASA CBSI3b C TOKa3aTelNeM KadecTBa; M —
YHUCIIO 3JIEMEHTOB, MPOSBISIONINX 3HAYNMYIO KOp-
PETSIIUOHHYIO CBs3b; Kjy — macmraOHeIN Ko3(du-
e HT. [Ipuammaercs pasaeiv 1, 10 nou 100.
[omyunnu cnenyromue ypaBHEHUS B 3aBHCUMO-
ctH oT criocoba mpoussoactea cramu (JICIT, JICA):

XfBCA =0,833C +0,356Si +0,312S +

+0,323P +0,192Cr + 0,196V +0,209Ti;
XBZIZOCA =0,833C +0,209Ti; (8)
XfCA =0,833C + 0,323P +0,133As; 9)

Tabnuua 2
MaTtpuua koppensuMm Ans KaTaHku, NPOKATaHHOW U3 CTanu, nony4eHHoi cnocodom [CH

C% [ Si,% [Mn% | S% | P% [ Cr% | Nij% [Cu,% [ N,,% [ AL% [ As% | s*” [B™% [co% | y,% [d" %
C% |1
Si,% 0,002 (1
Mn,% (0,045 |-0,247 (1
S% |-0,175 {0,074 |(-0,115 |1
P% {0,078 |[-0,129 |0,279 [0,108 |1
Cr% 10,041 |-0,065 (0,157 (0,029 [0,398 |1
Ni,% |-0,007 |0,040 |-0,001 (0,036 |[-0,001 (0,416 |1
Cu,% 0,035 |-0,021 (0,144 [-0,018 (0,042 |0,465 |0,759 |1
N°% (0,248 (0,164 |-0,230 [-0,081 |-0,109 |-0,304 {0,023 |-0,166 |1
Al% [0,167 |0,032 |0,042 [-0,078 |-0,212 |-0,121 |0,134 [0,303 [0,024 |1
As% (-0,101 [0,191 |-0,164 [0,179 |-0,143 |-0,493 |-0,013 |-0,223 |0,414 (-0,009 |1
sh” 0,793 0,093 (0,001 [-0,202 (0,129 |0,009 |0,069 (0,037 |0,251 0,095 [0,089 |1
b"% 10,313 |-0,038 (0,078 [-0,082 (0,158 (0,102 [-0,028 (0,102 {0,070 [0,158 |[-0,063 (0,282 |1
co% [-0,082 |-0,080 {0,044 0,053 [0,268 [-0,081 |-0,091 |-0,077 {0,070 [-0,010 |0,071 |-0,072 [-0,054 |1
y,% [-0,616 |-0,076 |0,093 [-0,020 {0,044 [0,327 [0,059 |0,139 |-0,411 [-0,157 |-0,254 |-0,656 |-0,201 |[0,005 |1
d™% [-0,515 [-0,025 [-0,029 0,038 [-0,067 0,015 [0,005 [-0,023 [-0,109 |-0,126 0,009 [-0,642 ]-0,218 [0,038 [0,509 [1

Mpumesannsi 1. Yucno HabnrooeHwn n=479.

2. MyHMMarbHbIN CTaT UCTUYECKM 3HAY MBI KOSULIMEHT KOPPETALIMA C AOBEPUTENbHON BEPOSTT HOCT b0 99,9% rmin=0,149.
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Brn, %
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X/ = 0,833C +0,3125 +0,383Al;  (10)
X £ = 0,833C +0,323P + 0,192Cr +

+0,157Cu +0,209Ti+0,104Mo;
XfBC” =0,833C+0,312S +0,714N,; (12

(11)

(7 .
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XfC” =0,833C +0,192Cr +

+0, 714N, +0,383Al +0,133As;
X =32,3P, (15)
X J" = 0,833C +0,323P +0,383Al.  (16)
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Puc. 1. BnusHue xapakrepucTUK XMMcocTaBa Ha
nokasaTenu Me XxaHM4ecKuX CBOMCTB 1
MUKPOCTPYKTYPbl KaTaHKN U3 CTanu, NoNy4eHHOM
cnoco6om [1CA:

1,2,3,4,5, 16— yrnepoAHbie 3KBUBANEHTbI,
paccunTaHHble no opmynam (1)-(6)
COOTBETCTBEHHO; 7, 8,9, 10 n 11 — xapakrepucTukm,
paccunTaHHble no opmynam (7)-(11)
COOTBETCTBEHHO
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mrabueiii kodpoummenr K,=100, B ocTamsHBIX
ciygasx Ky =10.

Bce xapakTepUCTHKHM XHUMCOCTaBa BJIMSIOT Ha
HCCeyeMble TOKa3aTelli KauecTBa OJ MIHAKOBBIM
obpasom. M nns kKaTaHKW W3 CTallH, TMONYy4eHHOM
criocobom JICA (puc.l), u amst KaTaHKW U3 CTaJH,
nonyuennoi crmocobom JICIT (puc.2) mx yBemmue-

HHE NPUBOJMT K BO3PACTAHUIO BPEMEHHOrO COIPO-
THUBJICHMS M K CHIDKCHHMIO TOKa3aTeleil riacTud Ho-
cti (810 1 ). 11 B TOM, U B IPyrom ciiydae mpH BO3-
pacCTaHUM XaPAaKTEPUCT UK XMMCOCTaBa HalJIogaeTcs
TEHACHIUS K YBEJIMYCHHUIO JOJHU IUIACTHUIECKOro
e pIIUTa, HO NPaKTHIECKH HE M3MEHICTCS BEJIHY MHA
00e3yTJIepoXKe HHOT'O CITOSI.
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Puc. 2. BnusHue xapakrepucTUK XMMcocTaBa Ha
nokasaTenu Me xaHM4ecKMX CBOMCTB U
MUKPOCTPYKTYPbl KaTaHKW U3 cTanu, Nony4eHHOM
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cnoco6om CI:

1,2,3,4,5, 16— yrnepoAHbie 3KBUBANEHTbI,
paccunTaHHble no opmynam (1)—(6)
COOTBETCTBEHHO; 12,13,14,15n 16—
XapaKTepMCTMKM, paccuynTaHHble no hopmynam
(12)-(16) cooTBETCTBEHHO
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YroOsI CpaBHUTH, HACKOJILKO TIOJTHO Ta WJIX WUHAA
XapaKTEpUCTHKA YYUTHIBACT BJIMIHUC XHUMCOCTaBa
Ha MOKa3aTeJIU Kaue€CTBa, paCCUUTAJIU 3HAYCHUA KO-

s dumeHTa JOCTOBEPHOCTH aTIPOKC UMa AU R?
JUIl COOTBETCTBYIOIIUX MAPHBIX JIMHE HBIX 3aBHC U-
MocTeil. C moBepurensHON BeposTHOCTHIO 95% 3Ha-

qmvocTh R’ HabIIOIAETCS TONBKO IS NOKa3aTene il
MEXaHMYECKHUX CBOMCTB (Tadn. 3).

[To cpaBHEHUIO C YrIEPOHBIM M SKBHUBAJIC HTAMU
(1)-(6) mpemmaraeMble XapaKTEPUCTHUKH B Ka4ECTBE
(akTOpoOB, KaK MPaBMIIO, AAIOT Oojiee BHICOKME 3Ha-
aerms R’. W X0Ts yKa3aHHOE pa3jiHdue HAXOHTCS
B mpenenax 1,5-6,3%, moxHO cumuraTh, 4TO OHU O 0O-
JIee TOYHO OTOO PaXKAKOT BIIHS HUE JJIEMEHTOB XUMC O-
CTaBa Ha MOKa3aTelu KauecTBa karanku. Kpome To-
0, B MOJIb3Yy MPUMEHEHUs Pa3pabOTaHHBIX XapaKTe-
PUCTHUK CBHACTEILCTBYET U TOT (AaKT, YTO OHH
BKJIIOYAIOT MMEHHO T€ 3JEMEHThl XHMCOCTaBa, KO-
TOpbIC MPUCYTCTBYIOT B JAHHBIX MapKaxX CTajld H
OKa3bIBAIOT 3HAYUMOC BJIMSIHUE HA CBOWCTBA U M HK-

Tabnuua 3

OueHKa TOYHOCTU ONMUCAHNSA BAUAHUA XMMCOCTaBa
Ha NoKa3aTesin Ka4yecTBa

Xapakte- |KO3hduLiEHT AOCTOBEPHOCT U annpoKCUMAaL M R®
pUCTHKa Acn ACA
XUMcocTaBa| gz, MIMa (010, % | W, % |05 MMMa|d19, %| v, %
X 06411 |0,2641|0,3387|0,6824 |0,3791|0,4888
Cy, 06154 0,2676)0,3548(0,6754 ]0,3764|0,4673
Cy, 06213 [0,2633]|0,3405(0,6791 |0,3736|0,4584
Cy; 06163 [0,2614)0,3250{0,6801 ]0,3780(0,4730
Cy, 06138 [0,2608)0,3271(0,6770 ]0,3774|0,4755
Cas  |0,6249 [0,2664)0,3629(0,6792 |0,3749(0,4609
Cas  |0,6004 [0,2594)0,3394(0,6693 |0,3745(0,4579

POCTPYKTypy Ka HATHOM KaTaHKH.

Ucnons3oBaane pa3paOOTaHHBIX XapaKTEPUCTHUK
TIOBBIC UT TOYHOCTH CO3Z[aBaCMOI7I MOACIN B3aUMOCBA-
3W TOKa3aTeJe KauecTBa ¢ TEXHOIOT MIECKIMU (hak-
TOpaMu MpoLecca NpOU3BOACTBA KAHATHOM KaTaHKH.
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Comnonosa E.M., llemmryposa H.I'., JIokorynura H.M.
NYTHU YJIYUYIIEHUSA NOTPEBUTEJIbCKUX CBOUCTB MPO® WA

OBILHIMBLI I'PY30BOI'O IIOJTYBAI'OHA

B mocnenHne TOABI COCTOSIHHME TpaHCIOPTHBIX
CPEeACTB MOAXOAWT K KPUTMHIECKOMY YPOBHIO: 3a4ac-
TYIO BaroHsl HE OTBEYAIOT 3amlpocaM IOoTpedwurenei
M0 MEXaHMIECKHM W T€OMETPHYECKUM XapaKTepu-
CTHKaM, TPy30NOABEMHOCTH, CKOPOCTH JTOCTaBKH,
TPYLOEMKOCTH HOT PY304 HO-Pa3rpy30IHBIX padoT.

B 3HauuTenbHOM Mepe B BArOHOCTPOEHUU MCHIOJIb-
3y1oTCs po T Beicoko# xkecTrocTH ([TBXK) — smic-
TOBBIE TPOGWIN C TEPHOAWIECKH MTOBTOPSIOLINM HCS
TPOJOTBHBIMHU HIIH TIOTIEPEYHBIMY FOpaMH, XapaKTe-

pH3YIOLIMECS BBICOKOH KOHCTPYKTHBHOM FOTOBHOCTBIO
1 HIBKOH MaTephanoeMKocThi0. OHHU SIBISIIOTCST BaXK-
HBIMU JI€TaJSIMU KOHCTPYKLIUU FPY30BbIX IIOJIyBaTOHOB
npomBojcTBa OI VII «I10 YpansaronsaBom».
OcuoBHEIM HepocTaTkoM [1BXK ¢ mpomossHeMu
ropamMu ABJIAETCSA TIOHIKEHHAS XECTKOCTh B MOTIe-
PEYHOM HaIpaBlie HUH. JJ MOBBIILEHUS KECTKOCT U
B 000MX HAIPABICHWIX TPEAJIOKEHO HAHOCUTH W
PO ONbHBIE, W MOMEepedHble TO(pPBEl HA OTHO U TO
)K€ MECTO 3aroTOBKH, TakWe NPOQUIH TOIyd WIH

BecmHuk MI'TY um. I". U. Hocoea. 2008. Ne 3.
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